Multiple sclerosis (MS) has traditionally been considered an autoimmune disorder-an abnormal immune system attacking an otherwise healthy brain, spinal cord, or optic nerve. But even in its original description by Charcot, the perivenular predilection of MS lesions suggested a potential vascular etiology. In 1935, Tracy Putman 1 reported an animal model of MS based on injecting obstructing agents into the venous sinuses. On the basis of this model he treated 74 patients with MS with the anticoagulant dicumarol, with mixed results. 2 After lying dormant for over half a century, the vascular theory of MS re-emerged with a series of publications led by the Italian vascular surgeon Paolo Zamboni. He used ultrasound and catheter-based venography to describe venous insufficiency in the internal jugular veins (IJV), vertebral veins, and deep cerebral veins of patients with MS, coining the term chronic cerebrospinal venous insufficiency (CCSVI). 3 Five ultrasound criteria were proposed (figure), although these have yet to be validated against a criterion standard. Using these criteria, Zamboni and colleagues reported a surprisingly high 100% sensitivity and 100% specificity in discriminating patients with MS from controls. The same group reported clinical improvements in an open-label study of catheter-based venoplasty, 4 later provocatively named the liberation procedure.
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The public response to these reports was profound. 5 Web sites, blogs, Facebook pages, and other social network media promoted the CCSVI theory as salvation for patients with MS. Around the world, Web sites sprang up advertising treatments for CCSVI. In Canada, politicians debated whether to pay for testing and treatment for this condition. Some vascular surgeons treated CCSVI in patients with MS using endovascular stents, with reports of fatal consequences in 2 patients and near-fatal consequences in another. 6, 7 It became clear that the CCSVI theory went far beyond the traditional clinical research enterprise and had become a media-driven phenomenon.
Following the reports from Zamboni and colleagues, several other groups performed small CCSVI studies and came to different conclusions. One study evaluated 56 patients with MS and 20 controls using ultrasound and found that none met criteria for CCSVI. 8 Another study evaluated 21 patients with MS and 20 controls with phase-contrast magnetic resonance angiography and found no difference in IJV outflow or the presence of IJV reflux between patients with MS and controls. 9 These results challenged the hypothesis that CCSVI plays a role in MS. Furthermore, CCSVI does not explain the genetic, ethnic, or geographic preferential occurrence of MS, although CCSVI has not been studied in relation to these factors.
In this issue of Neurology ® , Zivadinov and colleagues 10 report the results of the largest CCSVI study to date. Using a single, unblinded ultrasound technician who studied 499 subjects, they found that 56% of patients with MS met criteria for CCSVI, as did 23% of healthy controls and 46% of subjects with other neurologic diseases. A post hoc analysis suggested that CCSVI was more prevalent in progressive MS than relapsing forms of MS. Together, these observations demonstrate an increased prevalence of CCSVI in patients with MS, but with a considerably lower prevalence than reported by Zamboni et al. and with substantial proportions of healthy controls and patients with other diseases demonstrating the same ultrasound changes.
This study suggests that CCSVI, as defined using ultrasound of the intracranial and extracranial venous system, is not likely to be a primary causal process in MS. An increased prevalence in progressive as compared with relapsing disease leaves open the possibility that CCSVI may be playing a contributory role in, or be a consequence of, the disease, or may be age-related.
Where do we go from here? Several issues need to be addressed in order to move forward. Many facets of CCSVI ultrasound studies are untested or unclear. The within-rater, between-rater, and cross-center reproducibility and the effects of hydration are unknown. The relationship between ultrasound findings and both normal anatomic variation and true venous insufficiency is not well-understood. Validated magnetic resonance venography criteria for CCSVI are lacking. The relationship between CCSVI and other aspects of MS is unknown, including MRI measures, disease duration, and disease progression. Pathologic evaluation of cervical and azygous veins is needed to understand the histologic correlates of ultrasound-defined CCSVI.
To help address the conflicting reports, in June 2010 the United States and Canadian Multiple Sclerosis Societies awarded 7 research awards totaling $2.4 million to study CCSVI. Together, these projects will evaluate over 500 patients with MS and 600 controls using ultrasound, magnetic resonance angiography, catheter-based venography, and pathologic studies from autopsy tissue. In addition, the Canadian Institutes of Health Research commissioned a standing Scientific Expert Working Group to monitor and analyze results from these and other ongoing CCSVI studies. Given the uncertainties of the relationship between CCSVI and MS and the potential risks of intervention, any CCSVI intervention such as balloon venoplasty should be restricted to a blinded, controlled clinical trial using carefully chosen clinical endpoints and appropriate patient safety oversight.
It behooves the clinical research community to carefully pursue CCSVI to its end; we should neither jump on the bandwagon as it passes through town, nor assiduously miss the parade. If CCSVI is a useful clinical or research endeavor for some proportion of the MS population, we should acknowledge its importance. If CCSVI is not found to be linked to MS, efficient and definitive studies will let us redirect precious resources toward research efforts more likely to advance the understanding and treatment of this disease.
